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Abstract—The proposed in vivo methodology for the investigation of hydroxylation rates consists of
of the i.v. administration of tritrated substrates and the collection of tritiated water (HTO) from exhaled
air as a measure of HTO accumulation in body water. Specifically, HTO was assessed in exhaled water
after i.v. administration of *H-acetanilide. Over a wide range the half lives of accumulation of HTO
in exhaled water (Tso) were almost identical with the half lives of elimination of *H-acetanilide in blood,
evaluated by an inverse isotope dilution method (r = 0.96, N = 18). Average Ts; amounted to 29 min
in controls, was reduced to 20 min after enzyme induction by phenobarbital or 3-methylcholanthrene.
and prolonged to 45, 46 and 66 min after bile duct ligation, portacaval shunt and a single dose of ethanol,
respectively. It is concluded that the chosen pharmacokinetic approach corrects for the NIH-shift and
the results adequately reflect changes in acetanilide hydroxylation related to enzyme induction or

inhibition and to liver pathology.

It is well known that rates of drug metabolism may
be subject to many genetic, environmental or patho-
logical influences. The clinical relevance of these
changes in individual subjects or experimental ani-
mals, however, is as yet insufficiently documented
because only few in vivo methods for the measure-
ment of rates of drug metabolism are availabie. They
are generally based upon the measurement of plasma
or blood clearances, and upon the collection of uri-
nary metabolites [1]. Alternatively, after adminis-
tration of an appropriately labeled test compound,
exhaled *CO, has been assessed [2]. Only the latter
procedure, and the collection of urinary metabolites
are noninvasive. In view of these limitations of the
presently available procedures, the search for other
radiospirometric methods including the measure-
ment of other metabolic routes appears warranted.

Hydroxylation of a drug which is labeled with *H
at the specific site of its metabolism may result in
the formation of tritiated water (HTO) [3]. In vivo,
HTO is expected to distribute itself within the body
water {4]. “Distilled” body water may be sampled
in the exhaled air. Theoretically, the possibility
therefore arises that measurements of the specific
activity of HTO in exhaled water could be used to
assess rates of drug metabolism. Care, however, has
to be taken in regard to isotope effects [5, 6] and the
NIH-shift [7]. If these difficulties could be overcome
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the rate of HTO-accumulation might be used as an
indicator for the hydroxylation rate.

This paper describes in the rat the methodology
of HTO-collection in breath and applies it to an
assessment of acetanilide hydroxylation in different
conditions. This drug was chosen as test compound
because several important aspects of its metabolism
have already been investigated [5-11]. The problems
resulting from the NIH-shift and from possible iso-
tope effects could, therefore, be compared with pub-
lished data.

MATERIALS AND METHODS

Animals. Male Sprague-Dawley rats (Sud-
deutsche Versuchstierfarm, Tuttlingen, F.R.G.)
weighing 190-300 g were used. They were housed
in groups of 4-6 animals at constant temperature
(24°) and humidity (47%) and with an artificial 12-
hr day-night rhythm. Tap water and food pellets
(1324 Altromin, Altromin International, Lage
F.R.G.) were allowed ad libitum up to the time of
the experiments.

Chemicals. Tritiated water (HTO, the Radio-
chemical Centre, Amersham, U.K.) with a specific
activity of 5 mCi/ml (185 MBg/ml) was diluted with
physiological saline to 100 uCi/ml and this stock sol-
ution was stored at 4°. Generally labelled acetanilide
was prepared from (ring-G-*H)aniline (the Radio-
chemical Centre, Amersham) by reaction with acetic
anhydride in pyridine and was shown to be radio-
chemically pure by TLC (silica gel; benzene/meth-
anol, 95:5 (v/v). The specific activity was 133
mCi/mol. This means. that among 10° molecules of
acetanilide there are only an average of 6.4 tritium
atoms. Stochastically, therefore, the number of dou-
bly labelled acetanilide molecules can be neglected
and for practical purposes it was assumed that the
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Fig. 1. Restraining cage with head chamber for collection
of exhaled water vapor in the rat. The head of the rat is
isolated in the head chamber by a diaphragm. Dry air is
introduced into the head chamber by the air inlet, and
exhaled water vapor is led through a cold trap of about
—70°. The numbers refer to the following times: (1) Stirrup
with screw to fasten head chamber (2) and rubber collars
(3) against restraining cage (4). (2) Semispherical glass 7 em
dia, 190 ml vol) with in- and outlet forming the head cham-
ber. (3) Set of rubber dams (collars), consisting of two
3 mm rubber disks with central openings (diameter of open-
ings 26, 28, 30 or 32 mm. as required). Sandwiched between
these disks a thin rubber membrane derived from a surgical
glove with central opening (diameter of opening 24, 26, 28
or 30 mm, as required) gently fitting around the neck of
the rat. (4) Cylindrical restraining cage (plexi-glass) with
slots for legs and tail of the rat. (5) Round caudal end plate
with lateral screws, adjustable to the size of the rat. (6)
Cold trap formed by a glass vial (diameter 3.5 cm, length
9.5 cm) and a perforated rubber stopper with Teflon.

labelled acetanilide molecules carried 1 tritium atom
randomly distributed on the benzene ring. Un-
labelled acetanilide (purum) and 3-methylcholan-
threne (puriss) were purchased from Fluka AG,
Buchs, SG, Switzerland. The scintillator, Lumagel,
was obtained from Lumac System AG, Basle, Switz-
erland and Sicapent (P.Os) from Merck Darmstadt,
F.R.G. Phenobarbital, arachidic oil and ethanol
100% were U.S.P. grade.

Investigated animal models. The study of HTO
metabolism was carried out in rats without pretreat-
ment. For enzyme induction, phenobarbital (in
3-4ml of physiological saline) was administered
intraperitoneally at doses of 80 mg/kg for 3 consecu-
tive days. The controls received saline only. Acet-
anilide metabolism was investigated on the 4th day.
Enzyme induction with 3-methylcholanthrene was
carried out for 4 consecutive days at a daily intra-
peritoneal dose of 20 mg/kg in 1-1.5 ml of arachidic
oil. The controls received arachidic oil only. Acet-
anilide metabolism was investigated on the 5th day.
End-to-side portacaval shunts were made as
described previously [12] and the rats were studied
34 weeks later. The controls were subjected to an
appropriate sham operation. Bile duct ligation in
ether anesthesia was carried out by placing two liga-
tures at the common duct and cutting it between
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them. The sham operated controls underwent a sim-
ilar amount of manipulation of the common duct but
without ligature or incision. The studies of acetan-
ilide metabolism were carried out 48 hr after the
operation. To evaluate the acute effects of alcohol,
the rats received ethanol intraperitoneally at a dose
of 3g/kg diluted with 4 vol. of saline 0.9%. The
controls received only saline. Acetanilide metab-
olism was investigated 30 min after the injection of
alcohol. Since the results of the different control
animals were essentially the same, they were
combined.

Collection of exhaled water. For the collection of
exhaled water a special restraining cage had been
constructed (Fig. 1). It had a head chamber, which
was separated from the rest of the cage by a soft
rubber diaphragm gently fitting aroand the neck of
the animal. A stream of air was allowed to flow at
arate of 0.5 I/min through a P,Os column (7 X 15 cm)
in order to eliminate water. The dried air entered
the inlet of the head chamber. The outlet was con-
nected to a cold trap (—78°) consisting of a vial
immersed into an isopropanol dry-ice mixture.
Dimensions were chosen as to minimize dead spaces.
For the collection of exhaled water the cooled vials
were exchanged at intervals of 12 or 30 min depend-
ing on the specific experimental design. They were
closed immediately in order to prevent contamina-
tion by condensing water and allowed to rewarm to
room temperature. After careful drying of the out-
side with tissue paper 2 or 10 ul of the condensate
were pipetted either with a 2 ul constriction pipette
or with a 10 ul Eppendorf pipette into a counting
vial containing 5 ml of Lumagel and were counted.

Assessment of acetanilide hydroxylation. All
experiments were started at 8-9 am. The animals
were weighed and placed into the breath collecting
device. An intravenous infusion was started at the
tail vein and a blank of expired water was obtained
for 30min. Thereafter 18 uCi corresponding to
135 nmoles of (ring-G-*H)acetanilide was injected
intravenously in a volume of 0.6 m! physiological
saline and flushed with 2-3 ml of saline. The sample
vial was exchanged every 30 min and thereby exhaled
water was collected continuously for 34 hr. After
thawing 10 ul samples of exhaled water were counted
in a Packard Tri-carb 2660 liquid scintillation coun-
ter. In pilot experiments for the study of HTO
recovery breath collection periods of 12 min and a
2 yl constriction pipette were used. Volumes of 10 ul
of the injected solution of HTO or of acetanilide
were also counted in 5 ml Lumagel. At the end of
each experiment with acetanilide the rats were killed
in ether anesthesia and autopsied. Shunt patency
and bile duct ligation were verified and the liver
removed and weighed.

Measurement of acetanilide elimination from
blood. In some experiments blood was obtained from
the saphenous vein at 5-min intervals for 30 min after
acetanilide injection. Samples of 50-200 mg of blood
were transferred by means of hematocrit capillaries
into weighed plastic tubes which contained a small
amount of heparin. They were weighed again, 1 ml
of 5mM potassium phosphate buffer of pH 7 was
added and after mixing the samples were stored at
—20°.
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For the analysis the solution was thawed in a water
bath at room temperature and transferred into a
separatory funnel with 20 ml 5 mM potassium phos-
phate buffer pH7. After addition of 60 ml of di-
ethylether and exactly 50 mg of unlabelled acetani-
lide the separatory funnel was strongly shaken for
about 1min. The organic phase was washed with
water and dried over anhydrous magnesium sulfate.
After evaporation the residue was recrystallized once
from toluene. The crystals were washed with hexane
and dried under high vacuum at room temperature
for 15 min. Control experiments had shown that a
second recrystallization did not raise the specific
activity of acetanilide. The specific activity of the
recrystallized acetanilide was determined by weigh-
ing and liquid scintillation counting with Lumagel
and the blood concentration of (ring-G-
*H)acetanilide was calculated [13].

Biochemical methods. Biochemical tests were car-
ried out by routine clinical methods on an auto-
analyser. Conjugated serum bile acids were deter-
mined by a solid phase radioimmunoassay obtained
from Becton Dickinson, New York {14].

Calculations. For the calculation of acetanilide
hydroxylation it was assumed that each molecule of
HTO was derived from one molecule of acetanilide,
i.e. that only one hydroxylation occurred per mol-
ecule of acetanilide. The tritiated water was con-
sidered to be distributed within a space approxi-
mately corresponding to the body water for which
a value of 2/3 of the body wt was taken [4, 15-18].
Furthermore, the exhaled water was found to under-
estimate the specific activity of tritiated body water
by 10.1%. Therefore the measured specific activity
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of exhaled tritiated water was multiplied by 66.7%
of the body weight of each rat, and by 1.101 and
divided by the dose. For the later, 1/5 of the injected
radioactivity was taken, since it was assumed that
on the average *H is equally distributed over the
benzene ring and that only one hydroxylation per
molecule of acetanilide occurred.

Plasma disappearance rate constants (k) for acet-
anilide were calculated by log-linear regression
analysis. The volume of distribution (Vj) was
obtained as ratio of the dose to the extrapolated
plasma concentration at time zero, assuming a den-
sity of 1.0 for blood, and the clearance (CL) as a
product of k and V4. Standard statistical techniques
were applied [19], and P < 0.01 was taken as level
of significance.

RESULTS

Experiments with tritiated water (HTO). When
20 uCi of HTO were injected intravenously to the
rats and exhaled water was sampled over periods of
12 min, the label rapidly appeared in exhaled water
and approached a constant level after about 50 min.
The time needed to reach half the maximal specific
activity, obtained by linear interpolation in each
experiment, was 4.7 = S.E. 0.2min (N =6). The
specific activity of HTO, observed for a period of
9 days fell with a half life of 76.9 + S.E. 4.6 hr
(N =7). In experiments with HTO collection for
more than 24 hr after dosing it was assumed that the
distribution of the label within the organism was
complete. At this time the radioactivity in exhaled

Table 1. *H-acetanilide hydroxylation measured by HTO exhalation in different experimental models

(x+S8.D))
Maximal HTO
Body weight  Liver weight accumulation Tso*
Model N (g) (g/100 g) (% of dose) {(min)
Controls 16 297 =53 47+04 64.3+ 6.1 29.2+5.1
3-Methyl-
cholanthrene 13 223 = 38% 5.9+0.3z 78.5 = 6.2% 19.9 + 5.5%
Phenobarbital 9 258 + 31 5.5 +0.3% 61.8 8.6 20.2 = 6.0
48-hr Bile duct
ligation 7 248 + 41 49+04 572+5.1 44.8 + 12.4%
Portacaval shunt 12 256 = 53 2.5+0.4% 55.3 £ 9.6% 46.3 = 19.7+
Ethanol (3 g/kg, i.v.) 6 321£35 44+03 579+7.8 65.5 = 25.3:

* Calculated as explained in Fig. 1. The data are not corrected for the average 4.7 min required for
i.v. injected HTO to achieve 50% equilibration with exhaled water. Thus, the biologically relevant Tx,

values are shorter by an average of 4.7 min.

+ Significantly different from controls by t-test: P < 0.01.
1 Significantly different from controls by t-test P < 0.001.

Table 2. Biochemical tests in rats 48 hr after bile duct ligation and in normal controls

48-Hr bile duct ligation* Controls
N 7 6
SGOT (L.U.) 361 + 118 98 + 40
SGPT (1.U.) 316 £ 90 80 = 64
Alkaline phosphatase (I.U.) 205 £ 49 68 + 16
Total bilirubin (mg/dl) 32+0.6 0.09 = 0.03
Conjugated bile acids (umol/1) 231 +133 3.7+0.37

* Compared to controls all differences are significant at P < 0.01 (¢-test).
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Fig. 2. Accumulation of HTO in exhaled water after intra-
venous administration of *H-acetanilide to the rats. The
specific activity of exhaled water was corrected for body
weight, vapor pressure and dose as detailed in the method
section. Thus the ordinate represents the percentage of the
dose which could be recovered in the body water in the
form of HTO. The time to reach 50% of the maximal
accumulation, designated as Tsp, was obtained in each case
by linear interpolation. The line represents mean values,
the observations are given as X = S.D. (N = 16).

water was 10.1 = S.E. 0.8% lower than the specific
activity of HTO in plasma water (26 samples in 7
rats).

Experiments with acetanilide in the rat. When
*H-labelled acetanilide was administered to the rats,
accumulation of HTO in exhaled water occurred
nonlinearly (Fig. 2) and approached a maximum
after 2-5 hr suggesting that at this time hydroxylation
of acetanilide had ceased, presumably because it was
completely metabolized. The period of time required
to reach 50% of the maximal accumulation of HTO
in exhaled water was thought to represent the sum
of time for 50% of the hydroxylation to take place
and for the label to distribute itself into the exhaled
water. Therefore, as a first approach this period of
time, designated as Ts), was taken as an inverse
measure of the hydroxylation rate. As shown in
Table 1, maximal HTO accumulation in control rats
averaged 64.3% and Ts 29.2 min.

The different experimental groups (as detailed in
Table 1) show the expected increases in liver weight
after enzyme induction and the decrease after por-
tacaval shunt [12]. Biochemical tests obtained after
bile duct ligation (Table 2) revealed that the liver

Table 3. Pharmacokinetics of *H-acetanilide in the rat (X ~ S.D.)
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Fig. 3. Correlation between half lives of acetanilide in
blood and time to reach 50% of maximal accumulation of
HTO in exhaled water (Ts). The slope of the regression
line which is close to unity indicates that both procedures
measure essentially the same process. If each value for Tsy
is corrected by substracting the time for intravenously
injected HTO to reach half the equilibrium with exhaled
water (averaging 4.7 min), the slope remains unchanged
and the intercept changes to —3.1 min, which is not sig-
nificantly different from zero.

exhibited signs of cholestasis typical for this opera-
tion [20]. Maximal HTO accumulation was signifi-
cantly increased after 3-methylcholanthrene treat-
ment and decreased after portacaval shunt. In the
other models it remained unchanged. Average T
was reduced to 19.9 and 20.2 min after enzyme
induction with 3-methylcholanthrene and phenobar-
bital, respectively. It was prolonged to 44.8 min after
bile duct ligation, to 46.3 min after a portacaval shunt
and to 65.5 min after pretreatment with a dose of
ethanol.

In order to verify the validity of the measurements
in exhaled water, blood concentrations of acetanilide
were also assessed. The results are summarized in
Table 3. As expected, total blood clearances were
increased after enzyme induction and reduced in the
three models designed to show reduced rates of
acetanilide hydroxylation. The relationship between
acetanilide half lives and Ts, simultaneously
obtained in the same animals is shown in Fig. 3. The
correlation is linear over a wide range and the slope
of the regression line, which approaches unity and
nearly goes through the origin, suggests that Ts
represents a valid estimate of acetanilide hydrox-
ylation. Tsy was also evaluated against the total blood
clearance (CL). The reciprocal of Ts, was highly

Body weight  Liver weight kot Vd+ CLyt
Treatment groups N (2) (/100 g) (min™") (ml/100¢g)  (ml/min/100 g)
Controls 3 335+ 58 4.7=0.7 0.028 = 0.006 48 + 31 42=1.3
3-Methvlcholan-
threne 3 243 = 11 56*+0.2 0.051 = 0.010 143 = 33 8.0= 1.0
Phenobarbital 2 268 5.5 0.037 172 6.5
Portacaval shunt 4 280 = 84 2.6 =0.6 0.014 = 0.005 121 = 41 20 1.1
48-hr Bile duct
ligation 4 263 = 52 5,103 0.017 = 0.004 153 = 26 2.6 £10.6
Ethanol (3 g/kg) 2 308 4.4 0.009 84 0.7

* All experiments had simultaneous measurements of HTO exhaltation and are also included in Table 1.
7 For pharmacokinetic calculations see Materials and Methods.
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correlated  with  the  clearance. (Tso™* =
0.0071 CL £ 0.0077, r = 0.92, N = 18; in this equa-
tion T is expressed in min and CL in ml/min/100 g).

DISCUSSION

The data obtained in this study show that the
specific activity of HTO in exhaled water may be
used to assess the rate of ‘H-acetanilide hydrox-
ylation in vivo. The results of this new radiospiro-
metric technique apparently are consistent with con-
ventional methods to assess acetanilide disposition.
Furthermore, when tested in different experimental
models the findings were similar to those with the
aminopyrine breath test [21]. Nevertheless, the
obstacles to proper interpretation of the data cannot
be overlooked. The physicochemical and physio-
logical limitations of the procedure have to be con-
sidered in detail.

Collection of exhaled HTO. Sampling of exhaled
water without contaminations was a problem. By
trial and error the following conditions were found
to be essential: excreta should not come into contact
with the sampled atmosphere, since they may contain
large amounts of labeled metabolites and bacteria,
which may transform them into volatile compounds.
Contamination of the exhaled water could be
avoided best by a separation of the atmosphere at
the level of the animals neck. Deadspaces had to be
minimized in order to achieve a rapid response of
the system to metabolic processes, allowing for short
equilibrium times. The apparatus as shown in Fig.
1 fulfills the above criteria to a large measure, but
at the expense of an immobilization of the animal.

Furthermore, assessment of radioactivity in
exhaled water to measure specific activity of HTO
in body water also is possible only with certain lim-
itations. The small samples of exhaled water demand
attention to details in regard to handling of the cold
trap to avoid contamination by condensed water
from the outside, and to the pipetting of very small
volumes (2-10 ul). A certain delay from the moment
when HTO has been injected intravenously to its
equilibration with the expired water is unavoidable.
Some delay may also result from the equilibration
of the water vapor within the head chamber and the
tubing. After intravenous injection of HTO it took
an average of 4.7 min to reach 50% of the maximal
level of specific activity in exhaled water. Conse-
quently, biological half lives will be overestimated
by this amount and the time course of in vivo pro-
cesses very rapidly leading to HTO formation cannot
be measured accurately with this approach.

Once distributed within the organism, HTO will
be eliminated from the body as part of the normal
turnover of body water. In rats, water intake, metab-
olic water production, growth, evaporation and
excretion need to be considered. Since these factors
vary with the age and living conditions of the experi-
mental animals, the calculated half life of 76.9 hr is
applicable only to the investigated rats and may not
be valid under other circumstances [4]. Nevertheless,
the order of magnitude suggests that a correction for
losses need be applied only during experiments
exceeding several hours. Exhalation of water during
the experiments is not considered to be a significant
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source of HTO loss, because total water recovery
in the apparatus did not exceed 150 ul within 4 hr,
which is less than 1% of the body water.

The lack of agreement between the specific activity
of HTO in exhaled water and plasma had already
been noted [22]. A convenient explanation for this
observation is the lower vapor pressure of HTO
compared to H,O at 37° [22]. If HTO in exhaled
water is used to assess HTO in body water it appears
appropriate, therefore, to multiply the results with
a correction factor of 1.101.

Assessment of acetanilide hydroxylation. Since the
investigated chemical reaction involves the abstrac-
tion of a *H-atom, isotope effects might be expected.
In the case of acetanilide, however, hydroxylation
is thought to be initiated by the formation of an
arene oxide [6], which rearranges thereafter to yield
4-hydroxyacetanilide and HTO. In this sequence of
events the rate limiting step is assumed to reside in
the initial formation of the arene oxide [6]. This
represents the introduction of an oxygen atom into
the benzene ring, which as a result of the neighboring
SH-atom may be subject only to a secondary isotope
effect. The latter is assumed to be negligible. The
molecular rearrangement of the arene oxide event-
ually leading to 4-hydroxyacetanilide and to HTO
is likely to exhibit isotope effects, but it will not be
rate limiting and therefore can also be neglected.
This view is consistent with published observations
(5, 6] suggesting that the isotope effect of acetanilide
hydroxylation is minimal. On this basis we assumed
that, as a first approximation the rates of acetanilide
hydroxylation, observed in this study, are represen-
tative for labelled as well as for unlabelled test
compound.

Another complication of the chosen experimental
design is related to the NIH-shift, i.e. the observa-
tior:, that the molecular rearrangement of the arene
oxide may not lead to stoichiometrically correspond-
ing amounts of 4-hydroxyacetanilide and HTO. Tt
has been reported that in the normal rat about 40%
of the label may be retained on the benzene ring,
presumably in the m-position [10]. This figure nicely
agrees with the average maximal accumulation of
HTO of 64.3% found in the control group. The
previously reported decrease in NIH-shift after pre-
treatment with 3-methylcholanthrene [10] s
reflected in our experiments by the increase in
maximal HTO accumulation to 78.5%. This decrease
in NIH-shift, however, suggests that hydroxylation
of acetanilide by cytochrome P-448 may occur
through a different mechanism. Whether or not an
isotope effect should be expected under these cir-
cumstances is unknown [6]. The biochemical basis
for an increase in NIH-shift in rats with a portacaval
anastomosis is as vet unknown.

In view of this variability of the NIH-shift, a
method of data analysis had to be found which cir-
cumvented the problems of incomplete and unpre-
dictable recovery of HTO in body water and exhaled
air. The calculation of a half time for the appearance
of the label, the Ts seemed to be a simple and
appropriate solution, because in principle its validity
is not related to the extent of the NIH-shift. The Tx
is thought to represent the time when 50% of the
acetanilide subject to the hydroxylation pathway had
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been hydroxylated, and therefore when 50% of the
HTO (eventually formed as a result of hydroxy-
lation) had appeared in the body water. The meas-
ured value in addition includes the time needed for
the newly formed HTO to distribute itself into
exhaled water. The half time for this latter process
was found to average 4.7 min. Despite this error the
close agreement between the Ts and the acetanilide
half lives in blood is strong evidence for the conten-
tion that the Ts values may for practical purposes
be regarded as half lives of acetanilide hydroxylation.

The chosen test compound, (ring-G-*H)
acetanilide might also form HTO if hydroxylation
had occurred at any other position of the benzene
ring. Since p-hydroxylation is the major metabolic
pathway [8, 11] other hydroxylations have been neg-
lected. Nevertheless, if this method is to be applied
on a wider scale, the use of [4-*H]acetanilide would
be preferable.

The importance of the findings of this study are
not limited to acetanilide hydroxylation, but may be
useful for the investigation of other hydroxylation
reactions, particular those which have an arene oxide
as an intermediary stage and therefore are unlikely
to be subject to relevant isotope effects. One poten-
tial major advantage of the method consists in the
fact, that no blood sampling is required. Conse-
quently, apart from the restraint and the inhalation
of dry air, the physiology of the animals is not dis-
turbed. Repeated studies of the hydroxylation rates
are therefore possible, e.g. during toxicity testing.
If applied to man the non-invasive nature of the
method and its application to a wide range of dif-
ferent hydroxylation reactions render it interesting
for clinical research. The long biological half life of
the label is related to the HTO itself and in man is
approximately 5-11 days [19]. If 30 uCi of the test
compound are applied, the activity in exhaled water
is sufficient for counting and the absorbed dose does
not exceed 1 to 2 mrad.
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